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700a Wednesday, February 29, 2012protofilaments. Previous experiments to characterize the stiffness of microtu-
bules have generally relied on heterogeneous ensembles of microtubules with
different structures, complicating the interpretation and comparison of stiffness
measurements. We report on a kinesin-driven microtubule gliding experiment
that simultaneously determines the stiffness and protofilament number (diam-
eter) of individual microtubules, allowing us to distinguish stiffness for micro-
tubules of 12-14 protofilaments (including two different 14 protofilament
lattice structures). The scaling of our stiffness measurements are consistent
with previous theories connecting protofilament number to stiffness, but also
suggest an alternate correlation between stiffness and protofilament super-
helical pitch.
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The microtubule-associated protein tau (MAP tau) promotes the assembly of
tubulin into microtubules, a major component of the eukaryotic cytoskeleton.
In neurons, MAP tau is especially abundant in the axon and plays a critical
role in axonogenesis [1]. However, aberrant tau function has been implicated
in many neurodegenerative diseases, such as Alzheimer’s and supranuclear
palsy [2,3]. Thus, there is a clear need to understand the structure of
MAP tau with regards to its interactions with microtubules and its role in
neuropathies. The six isoforms of MAP tau are often described as sequen-
tially having a N-terminal (consisting of a projection domain and a pro-
line-rich region), microtubule-binding repeats, and a C-terminal. While the
function of the microtubule-binding repeats is well understood, the N- and
C- terminals have been particularly difficult to characterize structurally
and functionally due to the presence of intrinsically disordered domains. Us-
ing synchrotron small-angle X-ray scattering (SAXS), we examined the
higher-order assembly of microtubules induced by varying concentrations
of wild-type MAP tau under cell-free solution conditions. The functional de-
pendence of the projection-domain, proline-rich region, and C-terminal were
also examined by utilizing distinct constructs resulting in MAP tau with de-
letion domains. Not only do these results correspond well to axonal
microtubule-tau bundles in vivo, we find that the modulation of the bundling
of MAP tau is isoform-dependent. Surprisingly, the N-terminal tail of MAP
tau is not necessary for higher-order assembly, as some models have sug-
gested [4].
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Stu2p is a member of the Dis1/XMAP215 family of polymerases and is re-
quired for spindle orientation and metaphase chromosome alignment, and for
anaphase B spindle elongation. Despite Stu2p having a phenotype suggesting
that it promotes microtubule growth, studies till now with purified proteins in-
dicate only that Stu2p antagonizes growth. To investigate the effect of Stu2p on
microtubule dynamics in vitro, we purified recombinant Stu2p from insect cells
and studied its effect in a total-internal-reflection fluorescence (TIRF) micros-
copy assay: GMPCPP-stabilized microtubules (seeds) were immobilized on the
glass surface and varying amounts of fluorescently labeled porcine-brain tubu-
lin, GTP and Stu2p proteins were added to the chamber. Images were acquired
using time-lapse microscopy. In the presence of tubulin, Stu2p increased the
microtubule growth rate, though to a lesser extent than XMAP215. Stu2p
had no effect on the catastrophe frequency, but significantly increased the res-
cue frequency. In conclusion, Stu2p shares functional properties with its meta-
zoan homolog XMAP215, though its polymerase activity is weaker. These
properties go some way to explaining the phenotypes of the Stu2p-depleted
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Spastin is a hexameric ring AAA ATPase that severs microtubules. To see how
the ring complex funnels the energy of one or multiple ATP hydrolysis events
to the site of mechanical action, we investigate here the cooperativity of spastin.
Several lines of evidence show that two neighbor subunits interact strongly
with each other: (i) the ATP-activated ATPase activity shows a Hill coefficient
of ~2; (ii) inactive mutant subunits and (iii) non-hydrolyzable ATP analogs in-
hibit the activity of spastin in a hyperbolic dependence, characteristic for two
interacting species. A quantitative model fits the data well, and strongly disfa-
vors orders of cooperativity higher than 2. These observations are relevant for
patients suffering from SPG4-type hereditary spastic paraplegia, and can ex-
plain why single amino acid exchanges lead to dominant-negative phenotypes.
In severing assays, wildtype spastin is even more sensitive towards the presence
inactive mutants than in enzymatic assays, suggesting a weak coupling of
ATPase and severing activity. Together, these observations indicate that each
of spastin’s six catalytic sites depends on the presence of an active neighbor
site, and that ATP hydrolysis in all subunits is required for full severing
activity.
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Current models for the intracellular transport of Tau protein suggest motor pro-
tein dependent co-transport with short microtubule fragments and diffusion of
Tau in the cytoplasm. In these models Tau is believed to be stationary bound to
microtubules and in equilibrium with free diffusion in the cytosol. Recent ob-
servations that some members of the microtubule-dependent kinesin family
show Brownian motion along MTs led us to hypothesize that diffusion along
MTs could also be relevant in the case of Tau. We used single molecule
TIRF microscopy to probe for diffusion of individual fluorescently labelled
Tau molecules along immobilized microtubules. This allowed us to circumvent
masking of microtubules dependent diffusion of Tau by excess of labelled Tau
protein in solution that might occur in in vivo overexpression experiments. We
found that about half of the individually detected Tau molecules were able to
diffuse bi-directionally along microtubules in the absence of ATP. Diffusion
parameters such as diffusion coefficient, interaction time, and scanned micro-
tubule length did not change with Tau concentration. Tau binding and diffusion
of Tau along the microtubule lattice were sensitive to ionic strength and dras-
tically reduced upon enzymatic removal of the negatively charged carboxy ter-
mini of tubulin. We propose one-dimensional Tau diffusion guided by the
microtubule lattice as one possible additional mechanism for the distribution
of Tau. By such one-dimensional microtubule lattice diffusion instead of or
in addition to directed motor-dependent transport, both ends of the microtu-
bules, i.e. the sites where Tau protein is needed during microtubule polymeri-
sation, could be reached even in situations when Tau levels are pathologically
high and active transport along microtubules might be compromised.
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Chromosome segregation is orchestrated by multi-protein complexes called
kinetochores, which initially bind microtubules and later form persistent
load-bearing tip attachments. Accurate segregation requires regulation of ki-
netochores by Aurora B kinase. One popular view is that Aurora acts on ki-
netochores that have already established erroneous attachments to
microtubule tips, phosphorylating two major microtubule-binding subcom-
plexes, Ndc80 and Dam1, and thereby triggering detachment. It is unknown
whether phosphorylation affects initial binding of kinetochores to microtu-
bules. Moreover, the relative importance of phosphoregulation of these sub-
complexes in the context of whole kinetochores is unclear. To address these
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based assays (Akiyoshi et al. Nature 2010) in which individual native kinet-
ochore particles purified from budding yeast are coupled to single microtu-
bules. Neither phospho-mimetic mutations at kinase target sites on Dam1
nor a mutation that disrupts the Dam1 complex had a strong effect on the ini-
tial binding of kinetochore-coated beads to microtubules. By contrast,
phospho-mimetic mutations on Ndc80 reduced binding 3-fold. In force-
ramp assays with tip-attached kinetochores, phospho-mimetic mutations on ei-
ther Ndc80 or Dam1 reduced rupture forces roughly 1.5-fold relative to wild
type and phospho-deficient controls. Likewise, in force-clamp experiments,
phospho-mimetic kinetochores detached up to 8-fold more quickly, depending
on the level of force. Taken together, these results indicate that Ndc80 and
Dam1 play distinct roles in kinetochore function. Initial binding is dependent
mainly on Ndc80 and modulated strongly by phosphorylation of Ndc80. Tip
coupling depends on both Ndc80 and Dam1 and it is modulated by phosphor-
ylation of both.
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The microtubule cytoskeleton is essential in maintaining the shape, strength
and organization of cells and its misregulation has been implicated in neurolog-
ical disorders and cancers. To better understand the structure-mechanics rela-
tionships in microtubule networks, we measure the time- and force-
dependent viscoelastic responses of entangled and crosslinked microtubule net-
works to precise microscale manipulation. We use magnetic tweezers devices
to apply calibrated step stresses and measure the resultant strain as a function of
time. To understand the molecular origins of network behavior, we use
a newly-developed portable magnetic tweezers device to observe network mor-
phology using a confocal microscope while simultaneously applying point-like
stresses to embedded magnetic particles. Our results are important to under-
standing the role of the cytoskeleton in regulating cargo transport in vivo, as
well as the basic physics of non-affine deformations in rigid rod polymer
networks.
3553-Pos Board B414
Analysis of the Projection Domain of the Microtubule Associated Protein
Tau using Force Spectroscopy
Jared T. Saunders, Dennis S. D’Urso, Zachary J. Donhauser.
Vassar College, Poughkeepsie, NY, USA.
Microtubule associated proteins (MAPs) are an important class of biological
molecules that stabilize and organize microtubules. The MAP tau has been
the subject of particular attention recently because it plays a role in some neu-
rodegenerative diseases. This study focused on tau’s projection domain in or-
der to gain a better understanding of how the functional properties of this
region of the protein affect its behavior. Using force spectroscopy of tau im-
mobilized on mica substrates, we evaluated three versions of the protein
where the projection domain had been modified, and compared long-range in-
teractions between proteins. We found that as increasingly larger portions of
tau’s projection domain are removed, the range of long-range interactions de-
creases. Varying experimental conditions also changed the behavior of the
projection domain, which is evident when the measurements are conducted
in a high ionic strength buffer. This condition essentially removed the long-
range interactions and provided strong evidence that the observed interactions
are primarily electrostatic in nature. We also demonstrate that careful control
of the experimental system allows us to measure tau-tau interactions or the
behavior of tau alone on the mica. Our data confirms that the projection do-
main can exert strictly (entropic) repulsive interactions and can take part in
more specific electrostatic interactions, depending on the geometry of the
system.
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Microtubules form and reorganize a variety of networks in cells, including
the mitotic spindle, cilia, and neuronal processes. The organization and re-
modeling of microtubule architecture is regulated by microtubule-associated
proteins (MAPs). Microtubule severing enzymes are a novel class of MAPs
that regulate filaments by cutting them anywhere along their length. Microtu-
bule severing enzymes, such as Katanin, oligomerize into hexamers and hy-
drolyze ATP to sever microtubules. Previous work has shown that Kataninspecifically targets defects in the microtubules. Using in vitro single molecule
assays with GFP labeled Katanin p60, the catalytic subunit of Katanin, we
show that Katanin severs microtubules made in high salt more frequently.
High salt microtubules have been shown to have fewer than the typical 13
protofilaments and a high incidence of protofilament shifts. We also measured
the activity of Katanin on subtilisin treated microtubules (normal and high-
salt) which have the c-terminal tails of alpha and beta tubulin cleaved off.
Using these types of microtubules has given us insight into what types of de-
fects Katanin might target and a better understanding of its mechanism of
severing.
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Microtubules are the most rigid cytoskeletal filaments, providing structure to
the cell, the path for intracellular transport, and the machinery of the mitotic
spindle. To perform these functions in the cell, the microtubule must be rigid
yet dynamic. Both their rigidity and dynamicity are controlled by microtubule
associated proteins (MAPs). We characterized the effects of MAP4 and the EBs
on microtubules mechanics and dynamics in vitro.
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Emerging diagnostic needs for the detection of wide arrays of biomarker mol-
ecules require the detection of ultralow concentrations of protein in small vol-
umes of biological samples. In past work, a number of microfluidic devices
have been developed in attempt to satisfy these needs. One technology incor-
porates a critical component of the cell’s cytoskeletal system, kinesin and mi-
crotubules (MT), in engineered device structures to actively collect and
concentrate functionalized microtubules into a small concentrator region.
The biomolecular motor kinesin hydrolyzes ATP and converts this chemical
energy into mechanical work by moving along microtubule filaments. Incorpo-
rating MTs coated with antibodies (Ab) into this concentrator device will allow
for a large variety of analytes to be captured with high specificity and localized
for detection. We use a heterobifunctional, 8.3A˚ long crosslinker to covalently
attach a reduced thiol group on the heavy chain of the antibody to a free succi-
nimidyl ester on the outer surface of the microtubule. This conjugation method
prevents undesired cross-linked products (MT-MT, Ab-Ab) and is applicable to
monoclonal, polyclonal and F(ab)’2 antibodies, specifically anti-BSA and anti-
TNFa. The motility of the functionalized microtubule complex was not signif-
icantly impaired as the gliding velocity of the functionalized microtubules
driven by Kinesin-1 from Neurospora crassa decreased by about 25%, lower-
ing the average velocity of the complex from 2.28 mm/s to 1.71 mm/s. Impor-
tantly, image analysis of fluorescent antigens attached to functionalized MTs
show that microtubules are conjugated with >100 antibodies/mm of length.
Based on these results, we conclude that the high density of antibodies on
the microtubules along with the high binding affinity of antigen suggests that
these molecular shuttles coupled with fluorescent detection can be incorporated
into concentrator devices to detect ultralow concentrations of specific
biomolecules.
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We investigate sub-diffraction limited imaging of fluorescent subunits on slid-
ing microtubules by nanoscale localization sampling (NLS). NLS is based on
periodic circular nanoantenna arrays with diameter=300nm and period=1um
that create locally amplified electromagnetic hot-spots through localization
of surface plasmon. The localized near-field hot-spot samples microtubular
movement in the time domain for improved spatial resolution. We have dem-
onstrated enhancement of spatial resolution by four-times compared to conven-
tional wide-field microscopy (figure below). The resolution enhancement was
